SEED DISPERSAL BY BIRDS AND DENSITIES OF SHRUHS UNDER TREES IN ARID

SOUTH AUSTRALIA

by MARK TESTER*!, D. C. PATONT, NICK REID*Z & R, T. LAMOE*

Summary

Teerrr, M., Paor, D€, Romn, N & Laver, R 1L (1987) Seed dispersal hy bitds nnd densintes of shrubs
under 1reey in atxd South Australiv. Trans R, Soc. S, Ausl, TII(1)L1-5, 29 May, 1987,

The frequencies of nine species af shrub under dcacia papyrocarpa tices, under Myoporum plugcwpurni
trees and in the spaces between trees were measured in a South Austraban arid zone woodland, All nine
species were at least as common under the (rees as they were in the open, and live species had significantly
higher frequencies under the trees. Three species with higher frequencics under trees, Chenopoduim
gaudichaudianum, Enchylaena tomentosa and Rhagodio spinescens, praduce leshy [ruits that are cunsunied
by birds. Their seeds would tend to be disseminared under trees in which the bitds perch. Enchivlaena
torentosa was equally abundant under both three species, bul B, spinescens and C. gaudichaudianuin
were wore abundant under A. pupyrocarpa than under M. platycarpimn. Traps set under the canopics of
the two tree species collecied similar though highly variable numbers of seeds. This suggests tha rates
of seed germunation or seedling survival for R, spinescens and C. gaudichaudianum arc higher under 4.
papyrocarpa than M. platycurpam. The distribution of these two shrubs cunnot be explained solely by
the partern of seed dispersal by birds, For Enchylacna tomentosa, seed dispersal by birds may provide an

adequaic explanation tor its distribution,

Koy Worps: Chenapodiaceae, seed dispersal, plant distribution, birds, fleshy fruits.

Intenduction

in the Austialian arid zone, a varietv of shrubs
{"berry chenapods”) and small trees {deacia
Exocarpus, Hetervdendrinn) produce  brightly-
coloured {leshy fruits or arils that ate constumed by
birds (Pavidson & Morion 1984; Forde 1986). Many
of the shrubs (c.z. Rhagodia spinescens, Enchiylaena
tomentusa and Chenopodiuni gaudichaudiantn)
are found at higher frequencies underneath trees
and large shiubs than in the open (c.g. Backer
1972%), Two hypotheses have been proposed 10
gocount for this. First, the clumped distribution
reflects the pattern of dissemination by birds, the
hirds defaecating seeds while perched in trees (c.g.
Osborn er al. 1935; Leigh & Mulham 1965; Forde
1986). Alternatively, or in addition, Barker (1972)}
seggesied that the clutnping was due to more
favourable growing conditions beneath (ree
canopies, To distinguish between these [wo
hypotheses requires measuring the seed rain beneath
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and hetween tree canopies, and determining rates
of gernmination and seedling establishinent in the
dirferent microenvironments.

L this paper, we (1) document the distribution
ol several species of shrubs in welation 1o tree
canopics on Middleback Station, 21 km north-west
ol Whyalla; and (2) report the use of o "seed trup™
to measure the se¢d rain heneath trees due o birds
and discuss the data so derived.

Matersals and Mcthods

Study site

The study site was in the south-western corner
of Overland Paddock, Middleback Stalion
{32°37'S, 137924'E) in an arca of open woodland
which 1s moderately grized by sheep. Two tree
specics predominated: Myoporum platycarpien
R.Br. which grows to 10 m and has a thin elevated
canopys and Acaciu papyrocarpa Benth, which bas
a dense low spreading canopy. The two 1rees. were
infected by mistletoes: M. plaiycarpum by Lysiana
exocarpi (Behry Tiegh, and A, papyrocarpa by
Amvema guandang (Lindl). Teigh. The understorey
was dominated by the chenopods, Maireana
sedifolia {F.Mucll.) P. G. Wilson, Atriplex vesicaria
Heward ex Beath., Maireana pyramidata (Benth.)
P. G. Wilson and Rhazodia ulicing (Gand.) P, G.
Wilson. Four species ol small shrubs (Rhagodio
spirescens var spinescens EMuell., Chenopadium
gaudichuudiunum (Moq.) P. G. Wilson, Enchylaeny
tomentosa R Br., Lycium australe FEMuell), the twa
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ntistletoes and 1wo small trevs or large shrubs,
Exoearpus aphyllus R.Br, and - Heterodendrum
vica¢jolinm Desfi, produced fruits that were
consumed by birds in the area (Reid 1984%; Forde
LYR6),

Diseribution af shrlibs

Distribution of shrubs in three zones: under the
vanopies of M. plalyecarpum, under the canopies
of A papyrocarpa, and in the spaces between the
trees and large shrubs was measurcd, Interspaces
were at least 2.m from the ¢canopy of any tree or
large shrub. Two hundred 0.5 m x 0.5 m gquadrars
were placed haphazardly in cach zone, and the
presence of a shrub species in each guadrat was
scored if any part of it§ canopy occurred in the
gquadrat, The diameters of the canopies of 30
individuals of each shruby $pecics in each zone was
mieusured by measuring the width across the plant
along two-axes (north-south and cust-west). Since
the mean canopy diameter of a particular shiub
species was the same under the two tree $pecies as
well as in interspaces, lncidence in quadrats provides
a measure of the relative density of a plant species
in each of the three zones. However, the canopies
of the different shrub species were not the same
diameter (Table 1), so the relative densities of the
ditferent species cannot be determined from the
quadrat frequencics,

1 Reid, N, (1984 “The Rale of Birds i thé Reproduction
of an Arid Zone Popilation ol Grey Mistletoe Amyemua
quurnitang (Loranthaceuc),” Ph.D. thesis, University of
Adelaide, Adelaide. Unpubl,

Trapping for bird droppings

Twenty-two traps to collect bird droppings were
deployed in March 1984. Traps were made by tying
1.2%1.5 m sheets of terylene voile (mesh 0.8x
0.3 imm) 1o steel stakes 1o Torm a catehing arca of
LU=1.5 m that stpod 90 ¢m above the ground (c.g.
see Sorensen 1981), This was the largest size of trap
that could be conveniently erected under the
canopies of the trecs, A stone was placed i the
centre of the catching arca Lo prevent spillage of
sceds by strong winds, liqual numbers of raps were
placed beneath canopics of mature M. platycarpint
and mature A. papyrocarpa. Al of these trees were
infected with variable umounts of mistletoes. Trapy
were inspected and cmptied of seeds at Iwe
4-monthly intervals, The seeds were identified using
4 reference collection of seeds compiled in the area.
Many of the traps were damaged 4 1o § months after
deployment and observations ceased after & monthis.

Results

Distribution of shrubr specics in Overfand Paddock

Nine species of shrubs were deétected in the six
hundred 0.5 0.5 m quadrats. Of these, five species
occurred significantly more frequently under the
canopies of either Acacia papyrocarpa or Myo-
porum plarycarprom than in the interspaces between
the trees and large shrubs (Table 1. Of these, ihree
species produced (eshy fruits that were dispersed
by birds (Chenopndium gaudichaudianum,
Enchyluena tomentosa and Rhegodia spinescens),
while the other two species (C. desertorumt and

Tane . Frequency of occurrence uf shrnbs in 200 qu;xdr?ls (0.5 005 mi) dn each of theee cones in Overlund Paddoct,
March 1984.

Frequency in 2000 guadrats

Muun canopy heneath bepeatlt in X2

Shrub speciey area (m=) A, puperocarpg M. platycarpun interspacs valueh

Atriplex vevicaria .40 38 74 44 143 s
Chenopadium desertosiym — 12 10 2 60 ¢

(. peldicheudianum® 0,17 £l 1s 0 60,9 *ve
Enchylaena tomentosa® a1 3z 34 7 18,6 #+¢
Lycium australe® 0,49 7 ® 13 2,2 NS
Muireana pyramidata — 11 I 11 0.0 N§
M. sedifolux . 42 42 kA b NS
Khagodia spinescens® — 41 2 i 40,1 44s
R ulicing — 23 37 I8 4.1 NS

* Canopy areas calculated from diameters of 60 or 90 individuals depending on number of zones in which plant species
occurred. Srandacd errors were less than 30% of the mead and there were no significant differences 1n 1he camopy
area of @ sheub species in différent zones (ANOVAs, P=0.05), so data for the different 7ones were pouled.

The A™ statistic {2 df) tests the null hypothesis that stirub species were evealy distriusicd across U thtee ones:

= P=005
2 P
e PO
NS ol signilicant
© Shruby thal produce fleshy fraita consunied by birds.
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Atriplex vesieariny had wind or am-dispersed seeds.
Enchylaena tumentosq and C. deserrorum weve
cqually trequent under hoth canopies, but A,
vesicaria was encountercd most Frequently under
M. platycarpun, and C. gaudichaudianunt and R,
spunescens were encountered most (requently under
Aeacia papyrocarpa.

Four speeies of shrub showed no sipnificant
clumping under the canopies of trees (x° tests,
p>0.05). Of these, the Malreuna specics and R.
relwcineg have wind or ant-dispersed seeds bul Lycium
wustrale produces fleshy fruits that are dispersed by
birds and perhaps repriles

Seed rain detected by 1aps

Table 2 lists the quantity of seeds collected in 1he
traps set under the canopies of Acacia papyrocarpa
and M. platycarpunt during two time periods. The
numbers of seeds deposited per trap was highly
variable, with variances often exceeding the means,
There was no significant difference in the total
numbers of sceds deposited under A. papyrocarpa
and M, platycarpum (rank-sum tests, p>0.05).
More seeds were canght during the period July-
November than between March-}uly (rank-sum test,
n<(.002). In general, the number and species of
seads being deposited during each period reflected
the fruiting seasons ol the plants, Chenopodium
gaudichaudienum, FEnchyleena tomentosa and
Exocarples aphyllus fruited mainly during winter
and carly spring, while Heteradendrum olesefolium
and Lycium australe fruited mainly in autumn,
Rhugodia spinescens fruited mainly during summer,
but like Enchylaena torientosu and Exovcarpus
apfiyllus, produced small quantities of fruit
thronghout most of the year:

Many of the traps also collected seeds of mistle-

togs, These daty are not presented since mist|etoe
seeds must be deposited on the branches of host
trees to be effectively disseminated. The seeds
collected in the traps thercfore represcnied
ineffective dispersal.

Discussion

The purpose ot this study was to measure the
distribution of shrubs, particularly the {leshy-fruited
chenopods, in telation o tree cover, and 10
delcrmine the usefulness of fraps in measuring seed
rains, Prior to this study, statements that fléshy-
{ruited shrubs were clumped under trees were based
largely on qualitative observations (c.g, Osborn et
al. 1935; Leigh & Mulhain 1965; Forde 1986). Our
quadrat data show that (hree feshy-fruited shrubs
were found maijnly under trees, and that the extent
of this ¢lumping vaiied from species to species.
Rhagodia spinescens and  Chenopodium
gandichaudianum were atmost exclusively found
under free canopies, but more frequently under
Acacia papyrocarpd than under Myoporum
Matyearpum, Enchyluena tomentosa was fouhd
with equal frequency nnder both tree species and
occasionally in interspaces, while Lyvcium australe
was cqually abundant under trees and in interspaces
(Table 1). However, clumping beneath trees was niot
restricted 10 bird-dispersed specics. Amiong the
shrubs dispersed by wind or ants, Airiplex vesicoria
was more common beneath M. plaiycarpum than
Acacie papyrocarpa or in interspaces, and C
deseriorum was significantly more common under
both trees than in the interspaces. Higher densities
of shrubs under trees could occur because (1) more
seeds are dispersed beneath trees and/or (2)
germination rates and seedling establishment are

Taui e 2. Numbers of secds deposited by birds in traps set under Myoporum platycarpum and under Acacia paparo-
carpa in Overland Paddock under two time periods in 1984

Mean numbet of séeds per trap+ S E.

Speeies of shrub March- iy Tily-November
Iraps set under M. platvearpun n=11 n-4
Chenopodium gaudichundianum D.3+0.23 48+ 313
Enchyleenu tomentosu 2.3+ 2.0 13.5¢ 3.5
Exacarpos aphyllus 3.7+31 2354109
Heterudendrum oleaefolivnm 32518 044 ()
Lyviuen australe D3+90.2 941 0o
Rbuagodiu spunescens (R 02+ 0.2
Tolal 1291 7,2 39,01 7.1
Traps sel under A, papyrocorpu =1l n=8
Chenupadiun goudichaudianunm 0.010.0 4+ (.3
Enchyloena tamentosa 407 S8+ 37
Exacarpus aphyllus 58138 WA+ B2
Hererodendrym olegefoliiim 1.740.8 06+ 0.5
Lycium australe 0,202 0.0 00
Rhagada spinesceny 0.4+04 .tz 1.1
Totul 2.5+d.6 3622142




A M.TESTER £7 AL

higher under trews than in thic open (o.g. Barker
19723 Forde 1986). These 1wo caplanations are
sequential and wol mutueally exclusive, Bolh are
prubably imporiant in determining the distributions
of various fleshy-fruited planre in Overland
Paddock. The fivst thing to demonstrate, however,
is whether birds disperse seeds mainly to sites under
1recs.

Qn Middleback Station, Meshy-Truited shrobs
have their seeds dispersed larzely by birds and maost
of the seeds uppear to land under trees. Although
out traps wore not deployed tn demonsirale (hal
more seeds were deposited under teees than in the
open, other observations enable such a conclusion.
In Overland Paddock, 1wo species. of honeveater
are Jargely responsible for the dispersal of sceds by
blrds, the Spiny-cheeked (Adecunibugenys rufo-
guloris) and Ninging (lLichenostomns virescens)
Honeycaters (Reid unpubl.). These honeyearers
mainly feed an lbe neeiar and Truit ol mistletoes,
supplementing these fouds with insccts and fruits
of other shirubs (Reid 1984%). More than %0% 1l
thelr facees are discharged while the birds are
prrehed more thao o metre above the ground in
trees or tall shrubs (Rad unpubl.). Consequently
bird-disseiinated seeds should be concentrated
under the canopies of trees.

‘The traps that we deployed under the trees were
sueeessful in collecting seeds, and the quantities
collected (10-30 seeds/m*/4 months; Tahle 2) are
cansislent with estimares of the numbars of seeds
(hal should have been voided by birds. Assuming
that there were 1.2 hoteycaters/ha, that these
Jieneycaters consumed 8O- 160t seeuls from fleshy-
fruited shrubs per day, that the birds largely
disseminated these seeds under |he canopies ol irses
und that the tree caver was 0%, thenin 4 maonths
approxiinately 10-20 sceds/m? should have heen
voided by birds under trees (Reid 19847, in prep.).

The numbers of seeds collected by individual
traps were highly variable. 'I'wo poteniial sources
ol variation probably account for this: variation
in ihie se of trees ot parts of trees by birds, and
varlation in faccal composition. Certain trees or
parls ol brecs may he used more extensively hy hirds
bhecause of their location, architecture oy the
amount of fond assoctaled with rhemn, Trees
centrally-locited in a bird's territory or near Lhe
bird's nest may be used. inore [requently (e.g.
Unjans & Pearson 1979). The densily of the folizge
or heighl ol a1 ree may provide birds witls better
prteciinn Fnom evposure or predators, or better
vamtage poines for detecting predators or intruders,
and &0 rrecs with these utirilinles nay be nsed more
Irquemly, The trees in the study ares also differcd
i the numbers af Dustleines They supporizd {Reid

1984%) and probably ulso in the guantities of Heshy
{ruils provided by the shrubs henzath them, Birds
shiuld spend more time in trees where the food
supply is greatest (e.g. Charnov 1976; Pyke ef al.
1977). The sccond major source nf variation
concerns the Fagees of the birds, A single faccal
dropping may contain 0 to 20 seeds, and much of
the variation between (raps may be due 10 varia-
tions in the numbers of seeds in a faecal dropping
rather than variations in the use nf trees by bitds.
We counted the total nuinber of seeds in the traps,
not the number of facces. Furture studies may wish
to confrol for these variations, or at least account
for them by recording the architecturaf features,
the locations, and associated food supplics ol the
trecs under which the traps were placed, Use of
several traps under the same tree also would allow
within-trec variation in bird use 10 be measured,

The size and design of the traps seems appro-
priate for measuring seed rains nnder trees in the
arid zone. Traps, however, would need fo be set
¢loser 1o the ground and under shrubs if seed rains
were (o be measured .in the interspaces between
trees, because the honeyesters only defaecate while
perched (Reid 1984%), The size of the vraps
(1.5 = 1.0 m) also soems appropriate since larger
traps would have been Log awkward to erect under
trees and the size was such that there was a
reasonable chance 1hat a trap would collect at Teast
some seeds, Traps failed to collect sceds on only
siX occasions out of 34 four-inonth evposures,
Based on our expenence, we would recommend
clearing traps of their seeds every two months, and
using a stronger mesh for the eatching material.
This would reduce the loss of favcsl materizl due
to the catching material deterioratilg with tinke. We
lfound that terylene voilz deteriorated after about
four months, parnicularly under Myvopoeum
plaryearmern where the traps were exposed 1o nore
sunlight.

Citvent (hal most of the seeds are dispersed to sites
unider frees we would expect bird-dispersed plants
to be most abundant under rees in the arid zone.
it general this is the case, bul 1there are exceptions.
Lyeiunt ausirafe was equnlly abundant under rees
and in interspaces, and the low clonal tree, Hetero-
dendrum vlecefulivem, olten occurs away from
other trees. These species repraduce extensively by
rool suckers and are spparently long-lived relative
1o the trees (Purdie 1969%; D. E. Symon pers.
comm.}). Litde is known about their scedling
recruitraent (cf. suckering), since seedlings aire
varely Seen: no seedlings ol #. oleaefolium have

 Purdie, R. (1569) *The Population Structure nf
Selecred Arid Zone Tree Spovices™. B.Se (Hutsy Uiesis.
Univ, ol Adelaide. Unpubl.
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been defected on Middleback Station over the Jast
20 years (Lange unpubl.), Seedlitgs of these spocies
may only establish under trees, but once esla-
blished, may produce suckers 1o exploit interspaces
between trees where competitive interactions with
the established trees presumibly are reduces). The
presentdistribution of these plants, then, may not
reflect the sites where seedlings established, and the
relatively high densities of these plants away from
iress is not hecessarily inconsistent with most of
the seeds being deposited under trees. In addition,
Lyctum westrale produces fruit close 1o the ground
andd hizards may therefore consume and disperse
seme Lycinm secds o interspaces.

The best evidence 1hal faciors other than seed
dissernination by birds arc also involved in the
eventual pattern of distribution in these fleshy-
fruited plunts comes [rom comparing the distri-
butions of the three berey chenopods, Rhagodiu
spinescens, Chenopodium gawdichaudianum and
Enchylaena tomentrosa. These three species are
almost exclusively  hird-dispersed, and similar
quantities of seeds were deposited under 4. papyro-
catpa and M. platyearpurt (Table 2), The density
of Enchylaena tomentose under theiwo tree species
was similar, and so the pattern of seed dispersal
by birds may provide an adequate explanation for
its distribution. However, both R, spinescens and
C. gaudichaudianun had higher densities under A,
papyrocarpa than M. plaiyvcarpum. Factors besides
dispersal by birds are needed 1o explain 1his. The
most likelv explanations involve the climatic or
2daphic differences encountered beneath trees,
coupled with differences in the regeneralion niche
oi the shrubs. Acecia papyrocarpa and M. platy-
curpunt differ in architectute (branching patiern
ot and henee in the amount of shade they provide
a genninating sced or seedling. The canopy of A.
papyracarpe is relatively dense und provides

shade and » thick cover of litter. AMyoporum
platpearpum has a high thin canopy, so planis
beneath it are subject to conditions nl’ mnre severe
water stress (Barker 1972%). Other Factors such as
increased nutrient eyeling under A. papyrocerpa
(Correll 19678) or increased grazing pressure under
M. platycarpum could also be involved. Similar
sorts of factors would account for the fact tha
Atriplex vesicaria and possibly Reagodia ulicina
were more abundant under M. platycarpunm than
A papyrocarpa, Careful field caperiments will be
required to delermine the tactors (edaphic, climalic,
biotic) that are important for the germination and
seedling establishment of each species. These
experiments should involve transplanting seeds or
seedlings between the canopies of different tree
species as well as inlo the interspaces. Only after
thesc experiments have been performed will we
have 1he necessary evidence 10 State the relative
conrributions of bird dissemination of seeds and
envitonmental factors in determining the distri-
btution of fleshy-fruited shribs in the arid Zzone.
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A PROPOSED REFERENCE SECTION FOR THE TORTACHILLA
LIMESTONE

BY A. S. BEECROST*, J. H. CANNT & C. STOCKSIEKY:

Summary

Roadside outcrops of sedimentary rocks near Port Noarlunga, South Australia, are identified as Late
Eocene stratigraphic units of the Noarlunga Embayment within St Vincent Basin. Fossil planktonic
and benthic foraminifera from these rocks compare favourably with stratotype Tortachilla
Limestone and the Tuketja Member of Blanche Point Formation. An exposure of highly
fossiliferous, glauconitic calcarenite, bounded below by the South Maslin Sand Member of Maslin
Sands, and above by the Tuketja Member of Blanche Point Formation, is proposed as a reference
section for Tortachilla Limestone.

KEY WORDS: Eocene, foraminifera, Noarlunga Embayment, St Vincent Basin, Tortachilla
Limestone.



